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The elevator has first pair of guide rails (6,7) extended along an 
elevator hoistway (1) to guide the movement of an elevator cage (4). 
The elevator cage is suspended at one end of elevator cables (3) which 
are wound to pulleys (2). A counterweight (5). that supports a primary 
side conductor (8), is suspended at the other end of the elevator 
cables. 

The counterweight is elevatable along a second pair of guide rails 
(a, 7b) which are fixed to several tie brackets (12a-12d). The primary 
side conductor at the counter weight corresponds to secondary side 
conductors (9a-9e) that are installed along the second pair of guide 
rails. The length of the secondary side conductors is more than 
interval between the tie brackets. 

. ADVANTAGE - Simple installation structure of secondary side 
conductors, thereby simplifying installation. 
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(54) SURFACE COATED SILICON NITRIDE TOOL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a surface coated silicon nitride tool which 
obviates the occurrence of trouble, such as peeling of layers by preventing the 
generation of internal stresses by heat. 

SOLUTION: A chip is obtd. by forming coating layers 5 having a thickness in a range 
of 2 to 8μm over the entire part of the surface of a base body 3. The compsn. of the 
base body 3 consists of 95wt.% Si3N4, 1.5wt.% A1203, lwt.% MgO and 1.5wt.% 
Yb20 and the crystal grain size thereof is ≤0.5μm in average. The coating layers 
5 comprise a base body side layer 1 1 which consists of AlON and is disposed to cover 
the surface of the base body 3, an intermediate first inside layer 12 which consists of TiC 
and is disposed to cover the surface of the base body side layer IT, an intermediate 
second inside layer 1 3 which consists of TiCN and is disposed to cover the surface of 
this intermediate first inside layer 12 and the outermost layer 14 which consists of TiN 
and is disposed to cover the surface of this intermediate second inside layer. The 
intermediate first inside layer 12 and the intermediate second inside layer 13 constitute 
the intermediate layer 15. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The surface coating silicon nitride tool which has an enveloping layer on the front face of the base which makes a 
silicon nitride a principal component characterized by providing the following. The aforementioned enveloping layer is a base 
side layer which consists of AlON prepared in the front face of the aforementioned base. The interlayer prepared in the front face 
of this base side layer. Three sorts of layers with the outermost layer of drum which consists of TiN prepared in this interlayer's 
front face. 

[Claim 2] A surface coating silicon nitride tool given in the aforementioned claim 1 characterized by for the diameter of crystal 
grain of AlON which constitutes the aforementioned base side layer being an average of 0.5 micrometers or less, and this base 
side layer thickness being 1 micrometer or less. 

[Claim 3] The aforementioned claim 1 characterized by for the diameter of crystal grain of the silicon nitride which constitutes the 
aforementioned base being an average of 0.5 micrometers or less, and the sintering-acid component contained in this base being 2 
- 5 % of the weight, or a surface coating silicon nitride tool given in 2. * 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the surface coating silicon nitride tool used for tools, such 

as a throwaway tip, an end mill, and a drill. 

[0002] 

[Description of the Prior Art] The ceramic tool which prepared two or more layers enveloping layers, such as aluminum 203 and 
TiC, in the front face of the base which consists of a silicon nitride conventionally as tools, such as a throwaway tip (it is only 
described as a chip below) and a drill, is known (for example, refer to JP,3-49681,B> JP,63-1278,B, JP,6-2465 1 1 , A, and 
JP,59-13475,B). 
[0003] 

[Problem(s) to be Solved by the Invention] Although this enveloping layer is prepared in order to raise abrasion resistance and 
thermal resistance, it had the problem that internal distortion produced with the residual stress by heat was fully uncancelable, 
with the conventional technology mentioned above. 

[0004] That is, since this kind of ceramic tool serves as high temperature at the time of manufacture or use, in case it changes 

with the differences of the coefficient of thermal expansion between each class which constitutes an enveloping layer, or the 

coefficient of thermal expansion between the base of a silicon nitride, and each class from a hot state to the state of ordinary 

temperature especially, big residual stress may join each class and internal distortion may produce it by it. And when this internal 

distortion was big, there was a problem that faults, such as ablation of a layer, occurred, depending on the case. 

[0005] this invention is made in order to solve the aforementioned technical problem, it prevents generating of the internal 

distortion by heat, and aims at offering the surface coating silicon nitride tool which faults, such as ablation of a layer, do not 

generate. 

[0006] 

[Means for Solving the Problem] In order to solve the aforementioned technical problem, invention of a claim 1 In the surface 
coaling silicon nitride tool which has an enveloping layer on the front face of the base which makes a silicon nitride a principal 
component the aforementioned enveloping layer While having three sorts of layers of the base side layer which consists of AlON 
prepared in the front face of the aforementioned base, the interlayer prepared in the front face of this base side layer, and the 
outermost layer of drum which consists of TiN prepared in this interlayer's front face The thickness of this enveloping layer is 2-8 
micrometers, and the aforementioned interlayer makes a summary the surface coating silicon nitride tool characterized by the bird 
clapper from one or more sorts of interior layers of middle chosen from AlON, TiC and TiN, and TiCN. 
[0007] In addition, although the aforementioned interlayer consists of one or more sorts of interior layers of middle chosen from 
AlON, TiC and TiN, and TiCN, the selection is chosen so that it may become the composition equipped with three sorts of layers 
from which the aforementioned enveloping layer differs to the last. That is, it is excepted, though natural, since an interlayer, a 
base side layer, or an outermost layer of drum is united and the enveloping layer of a three-tiered structure required for this 
invention is not formed, when only one layer of AlON(s) and one layer of TiN(s) are chosen, for example as an interlayer. 
Therefore, although it is limited in AlON-TiC-TiN and AlON-TiCN-TiN when there is an interior layer of middle, in the case of 
two or more layers, there is such no limitation. 

[0008] Invention of a claim 2 makes a summary the surface coating silicon nitride tool of a publication at the aforementioned 
claim 1 characterized by for the diameter of crystal grain of AlON which constitutes the aforementioned base side layer being an 
average of 0.5 micrometers or less, and this base side layer thickness being 1 micrometer or less. 

[0009] Invention of a claim 3 makes a summary the aforementioned claim 1 characterized by for the diameter of crystal grain of 
the silicon nitride which constitutes the aforementioned base being an average of 0.5 micrometers or less, and the sintering-acid 
component contained in this base being 2 - 5 % of the weight, or a surface coating silicon nitride tool given in 2. 
[0010] 

[Embodiments of the Invention] The enveloping layer is equipped with three sorts of layers of the base side layer which consists 
of AlON prepared on the surface of the base, the interlayer prepared in the front face of a base side layer, and the outermost layer 
of drum which consists of TiN prepared in an interlayer's front face in the surface coating silicon nitride tool of invention of a 
claim 1 . 

[001 1] The aforementioned enveloping layer is the so-called hard enveloping layer adopted for the purpose for raising the 
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abrasion resistance of a tool etc., and the thickness is set as 2-8 micrometers in this invention. That is, if thinner than this 
thickness, an enveloping layer will wear out for a short time, advance of the wear at the time of cutting etc. is large, and since an 
enveloping layer will become easy to separate on the other hand if thicker than it, the thickness of this range is suitable in respect 
of abrasion resistance and ablation prevention. 

[0012] Moreover, a base side layer is replaced with conventional aluminum 203 among the aforementioned enveloping layers, 
AJON is used, and since this AlON has a coefficient of thermal expansion close to the silicon nitride which is a base (base 
material) as shown in the following table 1, rapid heating or even when it quenches, ablation cannot produce it easily. Moreover, 
since thermal conductivity is high, the heat length of AlON is good and a heat crack cannot produce it easily. Furthermore, since 
A10N dissolves each other by the interface with the base which makes a silicon nitride a principal component, its compatibility 
with a base is high and its adhesion is good. 

[0013] And an outermost layer of drum is TiN, since the layer which consists of this TiN has little coefficient of friction, frictional 
resistance with cut material falls and, therefore, it suppresses generating of the heat produced in the edge of a blade, such as a 
chip, in the case of processing. Especially an interlayer consists of one or more sorts of interior layers of middle chosen from 
AlON, TiC and TiN, and TiCN, and since these interior layers of middle have a coefficient of thermal expansion between a base 
side layer and an outermost layer of drum (or coefficient of thermal expansion of the same grade), they can ease the residual stress 
by heat and have composition which internal distortion cannot produce easily. 

[0014] That is, although the coefficient of thermal expansion of each material is shown in the following table 1 , even when the big 
force is added between ******** by the big temperature change at the time of manufacture and use by having the interior layer of 
middle of the following coefficient of thermal expansion between the aforementioned base side layer and an outermost layer of 
drum, the residual stress is eased and it is hard coming to generate internal distortion. Therefore, it is hard to produce ablation of a 
layer at the time of manufacture and use, and becomes what was excellent in respect of the yield, endurance, etc. 



[0015] 
Table 1] 
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[00 16] When the range of 0.3-1 .5 micrometers is mentioned, for example and the laminating of the layer of the thickness of this 
range is carried out as each interior layer thickness of middle which constitutes the aforementioned interlayer, it is further hard to 
produce ablation at the time of manufacture and use. The diameter of crystal grain of AlON which constitutes a base side layer 
from invention of a claim 2 is an average of 0.5 micrometers or less, and the thickness is 1 micrometer or less. 
[0017] AlON is a material excellent in the adhesion force (adhesive strength) with the silicon nitride which is the principal 
component of a base, and the crystalline structure is carrying out organization in which a columnar crystal and a particle-like 
crystal are intermingled. Therefore, with the average of the aforementioned diameter of crystal grain, the path of a columnar 
crystal and the path of a particle-like crystal are equalized. 

[001 8] Here, if a crystal grain child exceeds an average of 0.5 micrometers, since a crystal becomes easy to drop out at the time of 
use of a tool, an average of 0.5 micrometers or less are suitable [ crystal grain is too large, and ] for the diameter of crystal grain. 
Moreover, if a base side layer becomes thick to remainder, since the enveloping layer itself will become easy to exfoliate from a 
base similarly, 1 micrometer or less is suitable for base side layer thickness. That is, a grade smaller than the double precision of 
an average of the diameter of crystal grain is suitable for base side layer thickness. 

[001 9] The diameter of crystal grain of the silicon nitride which constitutes a base from invention of a claim 3 is an average of 0.5 
micrometers or less, and the sintering-acid component contained in a base is 2 - 5 % of the weight. Intensity becomes it high that 
the diameter of crystal grain of a silicon nitride is an average of 0.5 micrometers or less, and it is hard coming to be missing at the 
time of cutting etc. Moreover, a degree of hardness becomes it high that a sintering acid is 2 - 5% of the weight of a range, and 
abrasion resistance improves. 

[0020] Since it has especially the enveloping layer which the sintering acid mentioned above in this invention although 2 - 5% of 
the weight of the thing demonstrated the performance of the conventional double precision about the groove wear, there are few 
flank wears and they can realize much more reinforcement. In addition, the capacity to reduce residual stress further if two or 
more set laminating is carried out is highly suitable for the group which the aforementioned interlayer becomes from two or more 
sorts of interior layers of middle chosen from AlON, TiC and TiN, and TiCN. 
[0021] 

[Example] Hereafter, as an example of the surface coating silicon nitride tool of this invention, a throwaway tip (it is described as 
a chip below) is mentioned as an example, and is explained. 
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a) As shown in drawing 1 , the chip 1 of this example is the configuration of an abbreviation rectangular parallelepiped, and the 
enveloping layer 5 of the range of 2-8-micrometer thickness is formed in the whole front face of the base 3 of an abbreviation 
rectangular parallelepiped which consists of Si3N4. 

[0022] Chamfering-of-the-edge processing of 0.2mmx25 degree is given to the portion equivalent to the edge of a blade la and 
lb of the base 3 of this chip 1, and, thereby, the chamfering-of-the-edge portion is formed in edge-of-a-blade la of a chip 1 . In 
addition, it is usually fixed using the fastener which is not illustrated to the corner of an electrode holder 7, and this chip 1 is used 
for cutting. 

[0023] Composition of the aforementioned base (base material) 3 is 4; 96 % of the weight of Si3Ns, 203; 1 .5 % of the weight of 
aluminum, MgO;l % of the weight, and 203; 1.5 % of the weight of Yb, and the diameter of crystal grain is an average of 0.5 
micrometers or less (for example, 0.3 micrometers). Moreover, the base with a thickness of 1 micrometer it is thin from A10N 
which was wearing front face of base 3 and was prepared as enveloping layer 5 is shown in drawing 2 side layer 1 1 , The 1st 
interior layer 1 2 with a thickness of 0.3 micrometers it is thin from TiC which was wearing the front face of the base side layer 1 1 , 
and was prepared of middle, It consists of a 2nd interior layer 1 3 with a thickness of 0.3 micrometers it is thin from TiCN which 
was wearing the front face of the 1st interior layer 12 of middle, and was prepared of middle, and an outermost layer of drum 14 
with a thickness of 0,4 micrometers it is thin from TiN which was wearing the front face of the 2nd interior layer of middle, and 
was prepared. In addition, the interlayer 15 consists of a 1st interior layer 12 of middle, and a 2nd interior layer 13 of middle. 
[0024] b) Next, explain the manufacture method of the chip 1 of this example. 

** Explain the manufacture method of a base material 3 first. It blends so that it may become weight % which mentioned above 
20aliiminum3 powder, MgO powder, and 20Yb3 powder as a sintering acid to Si3N4 powder which is a principal component, 
and it mixes with a wet ball mill with alcohol 

[0025] Next, the Plastic solid used as a base material 3 is obtained by adding paraffin as a press assistant after dryness, and 
carrying out a cold press by the two or more 1 ton/cm pressure. Next, the baking object of the almost same configuration as a base 
3 is acquired by calcinating this Plastic solid in the range for 10 - 120 minutes at the temperature of 1550-1900 degrees C under 
N2 gas atmosphere. Moreover, HIP processing is performed with 1500 atmospheric pressure (N2 gas) for 1600 degree-Cx 2 
hours if needed. 

[0026] And by ISO specification, the base 3 of the configuration which ground in the configuration of SNGN120412, washed and 
was mentioned above completes the baking object acquired by making it this appearance. In addition, the Si3N4 raw-material 
powder which is the principal component of a base 3 usually has desirable alpha type, and its particle size of 1 micrometer or less 
is desirable. 

[0027] ** Next, explain the formation method of an enveloping layer 5. The base 3 manufactured by the manufacture method 
shown in the aforementioned ** is set in a well-known CVD system. This CVD system forms an enveloping layer 5 by the 
chemistry gaseous-phase depositing method (the so-called CVD). 

[0028] And each class is formed one by one in order of the base side layer 1 1 which consists of AlON, the 1 st interior layer 12 of 
middle which consists of TiC, the 2nd interior layer 13 of middle which consists of TiCN, and the outermost layer of drum 14 
which consists of TiN using the reaction shown by following reaction-formula (1) - (4). 
[AlON] 

A1C13+3/2H2+C02+1/2N2 ->A10N+3 HCRCO - (1) 
[TiC] 

TiC14+CH4 ->TiC+4HCl - (2) 
[TiCN] 

TiC14+xCH4+(l-x)/2N2+2(l-x) H2 ->Ti(CxN l-x)+4HCl -- (3) 
[TiN] TiC14+2H2+l/2N2 ->TiN+4HCl - (4) 

Thereby, as shown in aforementioned drawing 2 , the chip 1 equipped with the enveloping layer 5 of the three-tiered structure 
(when two interior layers 12 and 13 of middle are taken into consideration, they are four layer structures) which consists of the 
base side layer 1 1 mentioned above on the front face of a base 3, an interlayer 1 5, and an outermost layer of drum 1 4 is 
completed. 

[0029] c) Next, explain the example of an experiment which went to the well which checks the effect of this example. This 
example of an experiment manufactures the chip which has the enveloping layer of the layer structure shown in the following 
tables 2 and 3, performs cutting (dry type cutting) on the experiment conditions shown below, and measures the flank wear and 
(last recess) groove wear in that case. The result is described in the following tables 2 and 3. 

[0030] Moreover, the average of the diameter of crystal grain of the base-material side layer which consists of AlON was 
investigated using the electron microscope. Similarly the result mentioned above is described in Tables 2 and 3. Here, a flank 
wear means the wear of this edge-of-a-blade la produced caudad, supposing the side at the upper right of drawing 3 is 
edge-of-a-blade la which touches **-ed material, and the length of the vertical direction is the amount of flank wears. Moreover, 
a groove wear (last recess) means wear of the shape of a fang which edge-of-a-blade lb which is the side at the upper left of this 
drawing produces caudad, and the length of the fang of the vertical direction is the amount of groove wears (last recess). 
[003 1] In addition, the same SNGN1 2041 2 as the aforementioned example and beveling are also the same, and a chip 
configuration is a 0.2mmx25 degree chip. 
(Experiment conditions) 
- **-ed material ; JIS FC200 (usually cast iron) 
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- Cutting speed ; 100 m/min and feed rate ; 0. 1 mm/rev and the infeed depth; 1 .Omm and cutting time ; 60min[0032] 
[Table 2] 
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[0033] 
[Table 3] 
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[0034] The composition of the same layer indicates it to be a time that the laminating only of the number is carried out in the 
aforementioned tables 2 and 3. And in the enveloping layer 5, faults, such as ablation and a KAKE crack, did not occur at the time 
of manufacture and use, but the chip 1 of sample No. 1 -1 4 of the example which is the range of this invention was suitably 
processible so that clearly from the aforementioned tables 2 and 3. Moreover, the amount of flank wears is 0.23mm or less, and 
the thing of the range of this invention has few amounts of groove wears as 0.26mm or less, is excellent in abrasion resistance, 
and since it is long lasting, it is suitable. 

[0035] Among these, the average of the diameter of crystal grain of the base side layer 1 1 which consists of AION especially is 
0.5 micrometers or less, and on the whole, there are few amounts of flank wears and amounts of groove wears, and since the 
thickness of the base side layer 1 1 is further excellent in abrasion resistance, it is desirable [ the samples 1 -7 1 micrometer or less 
and the chip of 1 1 , 13, and 1 4 ]. 

[0036] Moreover, it turns out that the amount of flank wears and the amount of groove wears are large, so that all the thickness of 
an enveloping layer 5 will become large, if sample No.4 (or sample No. 1 3 and sample No. 14) are compared with sample No. 3 of 
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an example, and there is an inclination to be easy to exfoliate, so that the thickness increases. Since ablation has occurred in the 
enveloping layer at the time of manufacture and the chip of sample No. 16 cannot do processing work proper among the examples 
of comparison of this invention out of range to it, it is not desirable, moreover, sample No. -- ablation and the deficit of an 
enveloping layer arise at the time of use, and the chip of 1 8 and 1 9 is not desirable furthermore although the chip of sample 
No. 1 5, and 1 7 and 20 did not produce ablation or the deficit of an enveloping layer at the time of manufacture and use -- a flank 
wear - 0.27mm or more -- and a groove wear is as large as 0.26mm or more, and it is inferior to abrasion resistance, and since 
the life is short, it is not desirable 

[0037] from this example of an experiment - the Ming kana -- the chip 1 of this example equipped with the enveloping layer 5 
which has the layer structure mentioned above on base 3 front face like is excellent in the capacity which eases residual stress, 
and does so the remarkable effect of being hard to produce ablation of an enveloping layer 5 at the time of manufacture and use 
Moreover, since the thickness of an enveloping layer 5 is set up proper, it excels also in abrasion resistance and reinforcement can 
be realized. 

[0038] Moreover, since thermal conductivity is high compared with aluminum 203, A10N of the substrate side layer 1 1 has good 
heat length, and a heat crack cannot produce it easily. Furthermore, TiN of an outermost layer of drum 14 can suppress generating 
of the heat produced in the edge of a blade of a chip 1 at ** of processing, and has the advantage that it can perform further 
high-speed processing and high efficiency processing. 

[0039] In addition, as for this invention, it is needless to say that it can carry out in various kinds of modes by within the limits 
which is not limited to the aforementioned example and does not deviate from the summary of this example. 
** For example, in the aforementioned example, although the chip was mentioned as the example as an example of application of 
this invention, if the composition mentioned above is adopted as other surface coating silicon nitride tools, such as a drill, for 
example, the same effect will be done so. 

[0040] ** the combination of the interior layer of middle which constitutes an interlayer was shown in the example of an 
experiment mentioned above again -- it combines and various kinds of composition can be considered also to except 
** As a base which makes a silicon nitride a principal component in this invention, not only the base that makes Si3N4 a 
principal component but the base which makes a principal component the sialon which has the same property is contained further. 

[0041] In addition, even when the layer which consists of a material of this invention out of range among this internal interlayer 
has been arranged, as long as the operation effect of this invention is acquired, it is a scope of this invention. That is, it is 
contained in the right range of this invention when it includes the composition of this invention mentioned above even when the 
layer which consists of other materials was formed. 
[0042] 

[Effect of the Invention] As mentioned above, ablation cannot generate the surface coating silicon nitride tool of invention of a 
claim 1 easily in an enveloping layer at the time of manufacture and use as explained in full detail. Moreover, it excels in abrasion 
resistance and is long lasting. 

[0043] In invention of a claim 2, at the time of use of a tool, a crystal cannot drop out easily, and it is hard coming to generate 
ablation of a layer, and is much more more suitable than the diameter of crystal grain of AlON of a substrate side layer, and a 
setup of the thickness. In invention of a claim 3, by setup of the diameter of crystal grain of the silicon nitride of a base, and a 
sintering-acid component, while intensity's becoming high and being much more hard coming to be missing at the time of cutting 
etc., a degree of hardness becomes high and abrasion resistance improves. 



[Translation done.] 
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